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_ntroduction.

In laying out apparatus for the laboratory testing of
superchargers for aircraft engines at the Langley Memorial
Aeronautical Laboratory, it was fcund most coavenient to
measure the air on the inlet side by drawing the air from
the atmcsphere tarough thin plate orifices at low veloci-
ties into a box and thence through a throttle into a large
reservoir which in turn was in free communication with the
supercharger. The orifice coefficients for this condition
were unknown, as the desired type of orifice had been cal-
brated with the flow from the box into ths atmosphere, in-
stead of the reverse direction which would obtain with this
apparatus. The present experiments were therefore under-
taken in order to obtain information regarding the rela-
tionship between the coefficients for flow in the two di-

rections.



Method.

The apparatus used for these experiments is shown di;
agrammatically in Fig. 1. ¥When the flow was from 4 to 1
(see Fig. 1), the blower maintained an air pressure of about
B" Hg. in the large tank, which was throttled into the small-
er tank and led into tke orifice box through a restricted
passage formed by 2 short length of 1/3" pipe. The filow of
air through the box was thus freed from the rressure pulsa-
tions that existed at the blower. Runs with the flow from
1 to 4 (see Fig. 1) were mads by reversing the blower, and
consequently the air direction, by reversing the direction
of rovation of the driving motoz.

The method followed was to take a series of observa-
tions with the flow from 4 to 1, and then to take another
similar series with the direction of air flow reversed and
the orifice plates inverted in their places. With each size
orifice runs were made with the flow in both directions such
that the pressure drops over the reference orifice, and con-
sequently the ratios of pressures on the two sides of this
orifice were very nearly identical.

By inverting the orifices when the direction of flow
was reversed the effects of inaccurate orifices were elimi-
nated, since the air always flowed through each orifice in
the same relative direction. As the orifices were very care-
fully made, this precaution was almost superfluous, but the

change was easily made and it removed all possible suspicion



of errcr dwe to any irregulerities in the orifices.

Considerable difficulty was experienced in securing
steady air flow, and the apparatus was modified ssveral times
before a satisfactory degree of steadiness ﬁas obtained.
Readings were not taken for record unless the range of oscil-
lation of the meniscus in the undamped manometers was less
than 0.4 of 1% of the head. The final data consisted of not
less than four sets of readings, for each obtainable combi-
nation of the three orifice sizes with four pressure drops,
in addition to a number of runs made for check purposes, mak-
ing a total of over one hundred sets of readings. It is
therefore believed that the Tield was satisfactorily covered
for the range intended and that the data is truly representa-
tive.

As the ratiocs of pressure orn the two sides of the ref-
erence orifice, and consequently the coefficients of dis-
charge, were very nearly the same for flow in both direc—
tions, a direct means of comparison was obtained. When the
flow was from 4 to 1, the amount of air passed could be com-
puted by using known coefficients for the standard orifice.
From this, the coefficients for the reference orifice could
be determined. By using these reference coefficients when
the flow was reversed, the coefficients for the standard or-
ifice could be obtained for the reversed flow, & procedure
which was correct because the box and baffies were symmetri-

cal with respect tc the reference orifice. However, as only
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the ratio between the coecfficients for the standard crifice
under the two conditions ¢f fiow was cdesired, the intermed-
iete steps of determining the coefficients for the refercrcs
orifice were eliminated. The étandard orifices used in
this work werzs like those reported by R. J. Durley in Vol.

387 of the Transactions, American Society of Mechanicel Engi-

The following notaticn is used throughout the ensuing

Giscussion:
W = w2ight of zir flowing in 1lbs. per secc.
C = orificz discharge coefficient.

d = orifice diameter in inches.

i = pressure arop &across orifice in inchkes of wter.
T = absoclute temperature in degrees Fohrenheit.

A = orifice area in sq.ft.

X

ratio of specific hests, (1.408).

Qn = pressure on high side of orifice in 1bs. per sq.f%t.
Q1==pressure on low side of orifice in 1bs. per z3q.ft.

P = pressure in 1bs. per sq.it.

B barometric pressurc.
D

tl

density in 1lbs. per cu.ft.
Subscript s is used to refer to the standard orifice
Wwhile r is used for the reference orifice. Prired lestters

4
are used when the flow 1s from 1 to 4 vhile unprimed lett

(6]
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S
are used for flos in the reverse direction,.

veloped tnas formula:
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Tor his orifice, Durley 4
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ce orifice, use wes made of the theoret-

formula:
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Since considsrable tTime occasicnally elapsed between

corresponding runs with oppcsitve directions or flow, differ-

£

ences in air densities caused by differsnces in air tesaper-
atures and pressurss should be considered. Eguation (5)
takes into account tempsrature differencec but the factor

.€2392 in Durley's eguation is dependent upon a constant pres-

surz of 3117 pounds per square icot. Consequently TS in
equation (5) is replaced by %ﬁr in order to allow for prec-
S

sure changes, giving for the final form of the ratic
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Degerivption of Appaveotuas

Orifices of three different diemeters, 1", 1/3" and
/16" made of aluminuwm plate Were used. The standard ori-
fices were burrished with plugs within .0C03" of size. No
plate of the siandard Durley thickness (0.057") being avail-
able, the orifices were made of 1/18" plats, which was then
machined to the stardard thickness fcr a distance of about
1/3" from the orifice edge. The reference orifices were very
carefully bered in 1/168" aluminum plate. Their sizes were

very close to ihose of the standard orifices but were not ac-

curately determined as the abscluie sizes were of no con-
sequencs.

The box Wus made of 7/8" maple and the inside dimensions
were 4" x 4", giving a ratio of box area tc orifice area for
the 1" orifice of somewhat over the 20:1 recommended by Dur-
ley. Rubber gaskets were placed adjacent to the orifices %o
“ensure air tight joints when the vox was pulled together by
the four bolss running its entirs lengtna. ‘

Wire scrasens inseried as shom on the sketch, served to
diffuse the a.r stream discharged by the orifice and tencded
to make the velocity uniform across the box before the next
orifice was reached.

The pressure drops were measursd oy alcohol munometirs
of a type vhich ig sensitive 10 very slight pressure differ-
ences. A veritical screw carries 2 short inclined glass tube,

ons end of which is ccnnected by rubber tubing to an alcohel
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“reservoir. A zero reading is taken by observing the height
of the tube, as indicated by a misromeiter hzad on ithe screw,

Thien ths menicus 1o the tube ccincides with

W

referencs mari
thereon. The pressure drop is determined by the difference
oatween thls resding and a reading similarly obtained after
the free end of the incliined tube and the top of the reser-
voir are connected by rubber tubes with the peints between

which the drop is dersir

ed. By 2stirating to the tenth of a

,__‘

division on‘the micrometer head at the top of the screw, read-
ings could bz rmade to within .0035". Hovever, slight Tluctu-
ations in pressure pravented such rrecision in the readings
taken during these experiments.

The manometer connections at the box consisted of brass
tubes inserted through the side of the box and flush with

the inaide gurface. Teuperatures were obtained by bare bulb
meroury chemical vhermometers inssrted through the sides of

the box well into the air bodyv. The thermometers were grad-

uated to 1° T,

Resulits.

. X ; . Cgqt
Fig. 3 shows the results obtained. In pletting aﬁ_
o

DY)

as a3 function of the head across the orifice, the curves for
the 1" and the 1/3" orifices are definitely determined.

For the 35/18" orifice, however, tha points determine a curvs,
showr by the dottzd lines, which is not only inconsistent

with both eother curves but also not in accord with the nat-

ural expectation., Consequently a curve has been drawn which



“1ll vest rezresent the Nointe and et he coasistent with the
curves for the I1/3" and 1" orifics. The limited nurber of
checx-runs possible did not anpreciably alter any of the
points shewn for any of the curves and the reascns for the
avparent inconsistzucy of the roints for the 5/18" curve are

neb known:.

From these curves Fig. 3 was obtained. This chews the
P . ¢ . .
cocflicient ratio - as a function of the ratio - ROX aresa
Cg orifice arca
Errore.
The equation used assumes the equality of Cr” and Cy.

Wnile this is not absolutely true, cinze the pressure ratio
with flow in one directlon i3 not absolntely the same as with
fiow in the oprosite direction, the ratios were so nearly
alile that it is guite probadle that the ratio of CRl to Cp

0Z 1:1 as used does not differ from the actual raitio by more

The temperatures as obtained were used to determine the
densities of the air inside the bdox, tnat is, I;* and D
in the formula.

The thermometer recdings a ared to be somewhat incon-
sistent, a consideration of the cornditions leading to no ab-
solutely satisfactory explanation. As the thermometers
were insertad in the air cstrecam which had sonme, although very
1ittle, velocity past the bulb, the readings obtained may

differ slightly from tiae true temperature of the air, such

.
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a tosrmomever moving at the sams veloc-
ity as the air, due %o thz effects of impact and eddies. I%
ig hardly provable, nowever, tnat this effect is verv con-
siderable, especially as tueres was 1little oprortunity for
the jets to impinge directly o©a the thermometers.

The temperature changss observed do not correspond to
ti.ose of adiabatic exparncion as determined by the relation
(N K=1

{p)== T = consvant, being very materially smaller. It is
4

evidant frow this formula Shat the exponent of the ratvio

of pressurs of .39 will result in temperature ratios much
nearsr unity than the ccrresgonding pressure ratios. DBecause
of tnis fact and because tae actual temperatur2 changes are

N

legs than Shose of adiabatic expansion the temperature ratios

m

i1l be vsry much nearer uaity than the pressure ratios.

Since the densities enter the final equation as a ratio of
the density of the air inside of the box to that outsice,
the temperatures and pressures which determine the densities
enter as ratiocs and the effect of temperatures on the resulst
will be verv considerably less than the corresponding pres-
sures.

The temperature changés cbserved were quite small and
it is thought that any error that wmight result from their

use is very small indeed

2

though a numerical estimate is
difficult to obvtain. In any cass, the difference between
temperatures corresponding o adlabatic expansion and the temp-

eraturss actually obtainrned would give an error in the temp-



15 1.]. "

eratures which in the worst case would not exceed .7 of 1%.
Computaticns of complete runs vhere the difference between
adiabatic temperatures and the observed temperatures are

rea

4]

test, result in o maximum difference of .002 in the ratio
C.t? ‘
f S

o]

|

by using first adiabatic arnd ithen observed tempera-
s

. 48 the result is affected so little by using temp-

n Q

ture
eratures prooatly much greater in error than those observed

it is thought that th2 error dus to using the observed temp-
erature readings is very smail indeed. However, in the ab-
sence of a real value of the error in the temperatures, .7

of 1% has beeu taken as the maximum possible error, al-

though it is highly probable that this is much larger than
actually existed.

The pressure readings were in all cases correct to with-
in less than .C2" alconel, resulting in a possible error of
less than 2.0% with a 1" drop over the crifice. From consid-
srations of the limitations of the apparatus and of the method,
the maximum possible error probably does not exceed 3.2% with
the 5/16" orifice at ths cne inch head and 3.7% with the 1"
orifice at the six and one-half inch head.

Computations from the obeervatioqg of the probable error
of the ratio Cs*to Cg rasult in .47% for the 1" orifice at a
six and one-half inch head and .08% for the 5/16" orifice at
a one inch head. It is thought that the ratios of the coef-

ficient obtained are reliable to within less than 1%.



Conclusions.

The results indicate that the ratio 2f the crifice dic-

s e 5 . o 1
charge coefiicient frem standard oriiice C
)

to the dis-
charge coefficient from reverss flow Cg is always less than
unity, but approaches unity with increasing ratio of box
area to orifice area, and that even for a ratio of areas as
low as twenty the ratics of the coefficients is not much
less than unity. It is probable, however, that when the
ratio ¢f box area to orifice area is much less than twenty
the ratio of discharge coefficients weuld be greatly reduc-
ed. Since for the zreater part of the range of these exper-
izents the discharge coefrficient is not reduced by mors than
one per cent by the reversal of flow, and the probable reli-
ability of Durlev's experiments is of about the same order,
it appears that the reduction oi discharge caused by revers-
ing the direction of flow could be properly nsglected in

all but the nmost accurate testing when the ratio of box area
to orifice area is greater than 50:1 and the pressure drops

across the orifice is limited to 5" water.




